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S.‘Chandra
and
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NASA-Goddard Space Flight Center
Greenbelt, Maryland, USA '
ABSTRACT
In many recent papers concerned with providing an expla-
nation for the geomagnetic anomaly, favorable agreement with
measured data has been obtained from the equations of motion
for electrons and ions when used with an empirical boundary
condition, whereas poor agreement has resulted from attempts

to numerically integrate the diffusion equation derived from

the equations of motion. We have been able to demonstrate that

QA

the deviation of the commonly employed diffusion equation is
based on assumptions concerning the equations of motion which
aré inconsiétéﬁtAgifh the observed distribution unless an
additionél constraint equation is also applied. Unfortunately,
application of the constraint equation also ﬁrovides incorrect

results. We find, therefore, that none of the currently used

u\«,m

forms of the diffusion eguation taktﬂg geomagnetic control 1nto.

account provide correct results because they are based on improper

Physical models for the ionosphere.
Since the equations of motion dr provide a favorable des-

cription for the geomagnetic anomaly; we have studied the pos-

sible physical models leading to the form of the equations used,

)

and found that although field aligned diffusive equilibrium

provides the correct form, a more reasonable assumption
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concerning electron and ion.collisions with neutrals also leads
to the same result. We have also been able to provide a more
realistic theoretical description of the geomagnetic anomaly by
employing an analytic form for the boundary condition which is
more accurate with measurement than those previously used.
Finaily; by combining the equations of motion for neutrals,
electrons and ions; we have been able to predict'géomagnetic
control for the neutrallatmosphere in the lower F region of the:
ionosphere, although the exact shape of this distribution’'is |

unknown.
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GEOMAGNETIC CONTROL OF DIFFUSION IN THE UPPER ATMOSPHERE

Introduction

'In recent months it has become increasingly evident that
a certain amount of confusion exists in the understanding of
the[é?sic physical mechanisms governing diffusion and the
existencae of the gaomagnetic anomaly in the ionospherézl This
apparent confusion arises by comparison of the work of Chandra
(1964), (to be referred to as C-I) in which it is shown that
the assumption of ambipolar diffusion along a field line can-
not lead to geomagnetic control of the charged particles, ana
such papers as Goldberg and Schmerling (1962, 1963), (to be
referred to as GS-T and GS-II) and Goldberg; Kendall, and
Schmerling (1964); (to be.referred to as GKS) in which this

process does appear to produce geomagnetic control of the

charged partlclg density in the ionosphere. It is our contention

that these two apparently Opp051te view points do not contradict -

each other and that the confusion is almost entirely one of term~

inology usage and'compnehension of the fundamental physics gov-

’\erning the derived equations.

The purpose of this paper is to déscfibe and resolve the
confusion which exists in théfield at this moment, and then to
point out the new problem with which we must contend in order
to derive and apply the diffusion equation to ionospheric prob-
lems correctly. In addition, a section will be devoted to an
improved theoretical description of the geomagnetic anomaly, by

using an analytic expression for the vertical electron density

distribution at the equator which is more in accordance with

measurement than the sxmple Chapman type dlstrubutlon employed
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Fundamental Equations and Definitions

The major cause of confusion appears to lie in the appli-

cation of two phrases, viz. ambipolar diffusion and diffusive

equilibrium, Let us investigate and discuss each of these terms

to determine how loose usage of them has led to the current
problems of misunderstanding.

In the normal sense, ambipolar diffusion refers to a plasma
in which the negative (electrons) and positive (ions) charges do
not move independently due to the influence of the electric field
caused by their Coulomb interactions. In this medium, the elec-
trons and ions drift in pairs and this motion of electron-ion
pairs is referred to as ambipolar diffusion. The condition for

ambipolar diffusion in a neutral plasma is thereby

Ve = Vi v . ‘

where v is macroscopic velocity and the subscripts e and i refer

to electrons and ions respectively. When .= -
v=10 . - (2)

the condition for diffusive equilibrium is them satisfied.
The implications of (1) are quite étraightbforward, as

shown in C-I. ‘' In an isothermal atmosphere and in the presence

,V\.,\;b Yy

of magnetic field, this requires VX(VxB) = 0. In particular,
the assumption of field aligned plasma diffusion (VxB = 0) can
only be satisfied for a trivial case, Vv = O;‘resulting in hydro-
static distribution of elec;ron density indépendent of geomag?

netic latitude. ——
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On the other hand, favorable comparison between Alouette‘
topside sounder measurements and theoretical calculations of
the geomagnetic anomaly has been obtained in GKS by assuming
conditions of ambipolar diffusion and diffusive equilibrium
along field lines, t@ereby indicating a possible conflict with
the results in C-I. The problem resolves‘itself once one investi-
gates the meaning of ambipolar diffus;on and diffﬁsive équili-
brium in the GKS sense. |

Let us first write the general equations of motion for
neutrals, electrons and ibns; respectively;'where the subscript

n refers to neutrals. Following C-I:

n_m.m._ i ‘
n g : -
L en \Je.f}7 (Vn-ve) + l n \)/111[ (V -V ) -Vpn-l- nnmng (3)
mg + m, S L. omy + my '
n, m m oonm ' :
1 vei (Vé-vi)~+ e"e’n ‘ven (Ve -V ) = ~Vpt emeg (4).
Mgt my L “%? mn B .
l :. ) . .’ -...: » .
'-_e_me(_ﬁ +'Vex B) .
n.m,m ' -, mn.;mm ..41, . -
21 vei vy - Vo) + —3—3—9— vin (v; - vn) -

(3)

-vp; + n,m;g + en, (E + v, X B)

where n is number density, Vs is the collision frequency be-
tween the kth ang sth particie; m is mass; p is pressure,.é is
gravitational acceleration, e is the absolute value of electron
charge, E is electric field, and B is magnetic field, 1In
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writing equations (3)-(5) it is assumed that Vék“: Vieg o
nk 127}

In the following we assume that the plasma is in a quasi-

neutral state

neNniE N | c (6)

o
s

and; the electrons, ions and neutrals obéy the ideal gas law in
the ionosphere, |

p, = nkT, o Q)

v | |
when k is Boltzmann's constant and T is temperature. Further-

more, we assume thermal gquilibrium; l.e.
T - T, = T =< . B - | (8)

Then, |
| er.- P, = P E ;,_" ;ffffF N
In additiog,.wg assumg.for s;mplicity thgtf??}i j |

Then summation of (4) and (5) provides”" L .
R | (11)

mm N 4 m.N 4 L ‘ = o
e  Jen Vo + Tﬂ_l__ Y Vi = -2Vp + N (mé+:mi) g+dJ XxXB

me+mn mi-(-mn

where J is current density)defined as
, . " )
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Since we are investigating ambipolar diffusion and diffusive
equilibrium in the GKS sense, it is desirable to write this

equation in component form along a field line as

(13)'
Mg - . pm - 2KTVYN
——— ven v, . B+ Tol vin ¥, . B - [-*-————'+ (m+ ml)g] B
~ ~r
me + mn ml-[- Inn

L)
when B is a unit vector in the direction of the magnetic field.

Let us write (13) in more familiar form by using

m, << mi; m. ' (14)

and defining the scale height of the ionizable constituent as

Hi where
o kT S B
Hi Tog | ' (15)
i

Also, for convenience, we make the approximation

mﬂpé mi :. : N (;6)
Then
myv q::A' 'm- ' ',‘: o f' B ' SR
b b m @ o

Flnally, we wrlte
A a . A ’ - )
B= -(ir sinI + ie cos I) . (18)

N « A . .
where ir and ie are unit vectors in the r and 6 directions and

I is the magnetic dip angle;'reckoned positive when the north

seeking pole of the needle points downward.  Now, if we treat

- JP;?;
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ambipolar diffusion in the GKS sense, we simply imply that the

electron and ion velocity components in the field direction are

equal, i.e.

V. .B=%vV, .B=av (19)

Applying (18) and (19) in (17), we obtain

Vi, = —EV {sin I (% BN 1) 4 cos cos 1 SN ] (20)
£ Hy - "Nr 3. - :
where
m.V Ms Vs : . .
MY = e en 171N . . 21
2 T 7% ~ » (21
vAssuming that |
meven << mi'vin . B -ﬁ-~ | o (22)
we may write
mv s miVin . (23)
I S .

because of (14).

Equation (20) is a familiar result derived in such papers as
Kenda114(1962) and GS-II. However, it is-clearly not the result
of anbipolér diffusion' which is given by (1) but instead, the
result of a statement concerning the fleld 11ne components of
electron and ion veloc1t1es glven by (19) |

‘ If we now demand ' |

11

Y S T o r—— g Y T e T A T



which is the statement implying diffusive equilibrium along a

field line in the GKS sense, we obtain the familiar equation

. 1 ‘ o
sin T (= 3N cos I ON (25)
R =R T

which can also be written as

A8 -0 S e

provided we recognize that r and Ofare not independent in (25)

but related by the dipole field condition

T, sin2 e - L : (27)
@\ta{;{:z povy & 5 (28)
e -

It is evident that (26) can only be treated in this total deri-
vative form;if the integration is carried out élong the field
line, | |

Statements concerﬁing the components of vectors in a par-

ticular direction, such as (19), do not imply any conditions

‘on the total vector. As a result, (25) has not required the

assumption of any restrictions on the behavior of the velocity
'components normal to the field lines. |

Equation (26) has been the basis of describing geomagnetic

control in the upper F-region in GKS paper. Although the results
of this paper'appear justified on the groundsthat diffusive equi-r

- librium occurs along a field line, it is nevertheless undesir-

able to apply a concept which is of purely hypothetical nature.

4

We now investigate other assumptions to find a more realistic

justification for (25).
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Consider equation (17)., If we apply (19), we obtain

":'.t'.(l)‘.h
m.V Mes .N'
e en i VN A
—— g * = Vi, Vi = kT (-— + g 29
2 k% 4 m T, . ( N 2H; B (29

We find two ways in which the right hand side will approach zero.

The first imposes a new .undition on the velocities, viz:

- - M 2. T
Ve J« miVin Vi Vo= = et
| Zmeven R
or (30)
Ve I MiVin Vi AL = o= DM,
11 . 11 - -
2me ven " @ a2y

a result which, althouéh possible, appears rather unlikely since
it would require a very special‘condition that the electron
velocity be of the order of 103vtimes greater and in the opposite
direction than the ion velocity.

However, if we can demand tha;/the collision frequencies
between electron and neutral andAioh and neutral be suffieientiy'
small so that the drag forcés arising due to,collision‘be neglig~
ible as compared to the’ pressure gradlent, gravxty and Lorentz
forces, it is possible to derlve equation (36) without imposing
any restriction on the velocities of electron and ion. We be-
lieve that this assumption is more realistic in the upper F-region
where the gyro-frequencies of electron and ion are much greater
than their corresponding collision frequencies.

Although the collision frequency assumption is physically
more desirable, it prevents‘us from obtaining a simple expres-

sion for’UgIi or q&il, 'Instead; we must return to the original

[
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.
- equatlons of motlon, (4) and (5), and solve for‘V‘ andfv expli-
-. citly, as has been carried out in the appendix in C%I. Unfor-

tunately this introduces a very serious complication in the work
because of the difficulty of eliminating electric field from the
expressions of’se and ;i without making specifié assumptions
about the relationship between V. and45i.' The implications of
— these assumptions will be discussed in the latter part of the /.t
paper. In the following section we proceed to discuss the physi-

cal implications of equation (26).

The Electron Density Distribution with the Effect of a Variable

Scale Height

Equation (26) can be integrated along.a field to provide

the general solution ™

v cot2 8> o
NGz, 0) = £(r_, 1/ e@ o (31)

However, if we treat T and m; constant but recognize that g is

proportional to l/rz, H, is proportional'to'rz, and we obtain
i : =T

‘- s 2 S hwd’o
N(r,0) = £(ry, T/2) e 5——92—-9-> Yo EHO) (3D)

\\\ ZHi(?Z/
In both cases, f(ro,.ﬂlz) is an arbitrary function of height
at the equator which cannot be determined by the equations of
motion from ﬁhich (31) or (32) are derived. The function
f(r,,m/2) must therefore be given as a boundary condition in
this problem and can only'be determined empérically or by use
of additional equatidns governing the'pﬁysics of the problem.
since (31) or (32) de%end exclusivelf upon the equations

of motion, it'appears that an additibnalfequation such as the

e o Yy o1 Y— - P o et Y= S = Sy F & oo .
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continuity equation, should lead to. the desired boundary con-
\.L\)\,\_Jb\‘\, TR CA K LS

 dition. Unfortunately, as we -have-discussed-earlier, the deri-

vation and solution of the continuity equation depend upon a
knowledge of E. Thus, the complexity of the problem becomes
quite formidable and it is difficult to anticipate a simple
method of solution at this time.

Instead we'depend upon an empirical type boundary condi-
tion, which may“very well be the solution of the correct conti-
equation, to derive the explicit form of the electron density
distribution.

The incorporation of a Chapman like boundary condition
in (31) leads to the results obtained in GKS. Since such a
boundary condition can only be considered as a rough approxi-
mation to the shape of the actual vertical electron density
dlstrlbutlon at the equator, it is desirable to employ an ana-
lytie boundary condition which more closely resembles the true
height profiles. Chandra (1962) has proposed a modified form
of the Chapman function which includes the effect of variable
scale height and which is found to fit the measured vertical
dis;ribﬁtioh.for electron density at mid-latitudes far more
accurately than the simple Chapman form, We assume here -that

such a function also describes the electron density distribution

at the equator. Thus we may write

o r -rT
£ n/2) = 4 {1 - o mo
(Fo,T/2) Nrmf’ = L{ HJL1l r.a exp Q“ 021:1 rmO)) ]
. ] . . o
. , To = Tmo
‘= exp [ J}
- 2Hol_1 - o exp ( a(roH rmo\‘]
N o
2 |

———e e
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L
Uan
where Hy 1s the scale height of \ionic constituent and Np._ _ is

&

the value of electron density at aquatorial height Tho® 1ihe
parameter a}which is a measure of departure from simple Chapman

funetion)is defined as
H. - H(r_J)
@ = 2 O (34)
A,

where H(rpe) is that value of H(r,) at r, = r,. Also, r, is

understood to be the radial height specifically at & = 7/2.

b4
Iy O T

If (32) is substituted into (31); we obtain

: ; - = r esc? 8 - rpo / 2

S ; NCz, 8) = N {1 v o ~ T cosTh

FR “ T, = Np_, exp 3ll- TalT €SC% U - Tpohl

& Hoy

" P
!

(35)

E>

[; r cse? g - Tno :

-ex

? [1 , a(r-esc? 8 - rp) }
-G exp.(: m )

2H,,

Gy 5 g PR e LR st

Equation (35) then provides a general expression for the electron
density at all heights and co-latitudes provided that we are

’ in a region where the effect of collision can be neglected.

Py
— The variation of/N with co-latitude are shown in

e

.
A4
3
2 _

) ‘-uﬂ\.cr g Ln(Qq \\_ﬁ‘,\vx,\{ _,(,.‘M\A»u k\,- \‘g /'l L
'-\L\r\—\ )sv.\g“““..ﬁ A N N N

figures 1 - 3 for different values of a, hm5 and I H, PFer—ehe

"

.........

)

£ WANAL
i , purpose—of—numerlgel ¢ mpuiatlon the radius ofAearth is taken
: Also,

. to be 6370 km,and it is’assumed that Hy = Hj It is seen that

the basic features of geomagnetic anomaly are unaltered by
' changing the various parameters. - Further, in equation (35), if
L - 1
tif L 1= =% (cosee?d - r with =
we iden l.y the term Hy [ a exp ZHg ( 2 'mo)] K

I | us
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AN Y U'ﬁ:“
in:GKS paper it is seen that sznce a lS posxtlve kH, >lﬁfor all

L
heights; This explains why KH>1 glves better “fit with the experl-

clo/
mental data in the-latter paper.

Problems Involved in the Derivation of the PDiffusion Equation

In the previous sections we have' seen how the equations
of motion for electrons and ions are sufficient to obtain a theo-
retical description of the electron density distribution in the
topside.equatorialiregion of thé ionosphere under equinox con-

ditions. This has required us to make certain assumptions con-

cerning collision frequencies or velocity components along field

lines and also forced the application of an empirical boundary
condition at the equator} In order to produce the empirical
boundary condition theoretically and also obtain a solution which

is valid in both the topside and bottomside equatorial F region,

it is necessary to turn to the continuity equation for additional

information. Using the explicit expressions for velocity which
are derivable from the equations of motion, it is then possible

to derive the diffusion equations associated with the ionosphere.

' xf we simply requiré total ambipolar diffusion to occur in -

' the ionosphere so that ¥V is independent of the electric field

explicitly, and furthermore demand that in all regions concerned,
the mbtipn‘along fieldklines'are much larger than the drifts
normal to field lines, we must then invoke the additional con-

straint.equation

vV x %.= o c (36)

.ty —
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This leads to a hydrostatic distribution of electron density
which doesn't agree with measured results, as has been demon-
strated in C-I. A second approach (Kendall, 1962, and GS II)
is the assumption that ambipolar diffusion exist only along field
lines (see equation (19)). Thus, if we assume that the parallel
velocity components of electron or ion velocity are equal and
much greater.than either of the unequal normal velocity‘components;
we can write (20) as a good approximation for the entire velocity.
In mathematical notation; we have

;.]’3\-\3 | = vii® Ve , Vi . (37)

11 e s 1

where Ve, and vy, are the perpendicular components of electron
and ion macroscopic dxift velocity respectively. This implies

that

and provides us with a velocity expréssion independent of elec-
tric. field. The general contention here has been that although

(37 implies (38) so that we can write

Q-L=V.NV¥wsV . .NV, (39)

as the steady state continuity equation; where Q and L are pro-
duction and loss respectively, we n§ longer need invoke the
equation of constraint since (36) is not exactly true. We can
then substitute (20) into (39) and obtaiﬂ the well known form

of the two dimensional diffusion équaﬁion with no additional

equation of constraint. :

We wish to discuss this approach by first questioning the

: /
iy
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validity of (37), and then demonstrating that even if it were
true, 638) cannot imply (39) without the additional inclusion

of (36). This should demonstrate that the field line ambipolar
diffusion approach with neglect of the normal velocity components
is completely identical to the total ambipolar case in which

the major component of ‘drift velocities are assumed to lie along
field lines. Thus, the results of the two approaéhes will be
identical, 1eading to the conclusion that ambipolar diffusion

in which the majof component of drift velocity lies along a field

line cannot be the correct physical model to describe the equa-

torial electron density distribution in the F region of the

ionosphere.
Let us first consider (37). We have already seen that
the assumption of diffusive equilibrium along a field line

(v,, = o) leads to a correct description of the electron density

il
in at least the topside region of the ionosphere. If this is.
the true model of the physical situation, then it is inconsis-
tent with (37) and we cannot expect any results obtained using
(37) to provide us with correct results concerning this region.
If, on the other hand, the neglect of momentum trénsfer terms

instead of diffusive equilibriumy can be attributed to small
: . 3

collision frequencies, (37) need not be viclated. This might

be a further justification for validating the collision frequency'

assumption instead of the diffusive equilibrium model. Unfor-
tunately, as we approach the equator, we see from (20) that Vi,
approaches zero since both sin I and 3N/36 approach zero. The

latter condition is based strictly on the empirical condition

e
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of symmetry about the equator. We therefore find that no matter

how small Ve and v {, bay be, there will always be a region sbout
L L

the equator in which (37) does not apply unless

v = v, = o (40)

which is identical to the equation of constraint, (36).
We now return to the second question. That is, even if (37) were
true, which could still be possible provided Ve # A , can we
1] 0

describe the electron density distributions in the entire region of the

ionosphere by (39)%? We note that

-

V.W = v.YN+ NV ,v = (v“-{-v_L)-VN-\-NV.(vL-»v“) (41)
since
VeV v, (42)

Now, in order to write (39), we must demand that
st
|
- - - -

[v“ . V_N+Nv.v"l>> |vL.VN-g-NvaJ_l (43)

We first note that the geomagnetic anomaly is symmetric about the equator

during equinox. This implies that .
L)

o
.




1lim v,* YN = lim vu B.VN = 0

g - mf2 g - m/f2

80 that in some region about the equator, (43) becomes

-p -
In v Lyl >> NV .ag . ;J_.VNI

Although (45) could be true .for certain special cases, there is no

a priori guarantee that (45) will be implied by (37) in general without

the additional condition that v, = o. Thus, if we are to write (39) as

& direct and general implication of (37), we are once again forced to
employ the constraint equation v ox ﬁ = 0.

We cannot state that (40) holds in a very small region ébout the
equator so that its effect outside this region can be neglected. The
geomagnetic anogaly itsglf is a second order effect and we cannot
expect to;reproduce it by neglecting second order terﬁs which are res-
ponsible for its existence.

We therefore find that if ambipolar diffusion exists in the

ionosphere, and if it is restricted to the field line direction, we

cannot assume (37) without imposing an additional constraint equation.

Furthermore, (37) does not generally imply (39) in the ionosphere with
or without ambipolar diffusion unless the constraint equation is also
employed. However, since (37), (39), and the assumption of ambipolar

diffusion along a field line do not provide

- i

(k)

(45)
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t® the correct descr%ption of equatorial electron density;4g;

we must conclude that these assumptions are not valid in a theory
leading to a dfgcription of the electron density distribution

in the ionosphere.

Kendall (1962), and Rishbeth, Lyon and Peart (1963), have

attempted to numerically integrate (30) derived from (20) and

(37), without invoking (26). They have been unable to obtain
the correct descriptioﬁ of the geomagnetic anomaly and have
therefore concluded that diffusion may not be a very important
physical process governing the empirical distribution of elec-
tron density. “However, on the basis of the discussion presented
in this section, it now appears that the physical assumptions
used in deriving the form of (39) used in their work may not
be valid; which simply implies that the diffusion equation is
far more complicated than originally believed. Since (19) and .
(37) are no longer valid; we can no longer equate s}ectron and
ion velocities to eliminate electric field. Insteﬁ, we must
write separate continuity equations for electrons and ions and
describe the behavior of electric field before it is possible
to obtain the correct theoretical description of the geomag-
netic anomaly from the diffusion equation.

| It‘may appear that the results presented in GS II are
also not Qalid for the reasons discussed:above. However, a
closer inspection of GS‘II shows that no new information was
obtained from the solution ?f continuity equation than that

equations of motion. The equation

already available from the

\K /
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discussed in GS IT was simply
— ; Ve N 6;;1':' :)

. INV,, = O (46)
(}";”‘ 11 ’

I'e b e
S

Where the explicit production and loss terms were neglected in
obtaining the series solution. Furthermore; as shown in GKS,
the equation of motion leading to (26); whether derived assuming

V,,= o or making assumptionsconcerning collision terms)has the

)

'identicsl solution to that obtained from (46) in GS II. (For
611 =Q§é§% obviously cannot give any new information.) This
explains why the empirical boundry condition was necessary to
obtain a non-arbitrary solution using (ﬁ%%ﬁin GS II.

&ﬂﬂfﬁ{pwe should point out however, that jj solutions of (46)

[4

making use of explicit production and loss terms would not give
correct results atéiééﬁtfin the equatorial region for the reasons

discussed in this section.

The Distribution of the Neutral Atmosphere

In this section we will show that when the drag forces
are not negligible, as would be the case in the lower F-region
and E-region, it'islpossible to study the behavior of the neutral |
atmosphere without imposing any restriction on the velocities |
of the various constituents. To obtain the necessary sfarting

equatioﬁ;‘we first sum (3), (4), and (G): .

ang

o - :
=V(pg *+ Py + p) + (n m_ + N,_i) g+ JxB=0 (47)

where we have once again used (16). The component of (47) along

the direction of magnetic field is then

T A
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- A
(-v(p, + py + py) + (m n, + m N gl . B=0 (48)

Comparison of (47) and (48) shows that the net force due to
pressure gradient and gravity of all particles is perpendicular
to the magnetic field and balanced by a current flow forxrce. Next,

using (7), (8), (9), (18)>and_(28), we have

o*(np + 2N) tan 8 ¥(np + 2N) np N

-~ + + —+ - =0 - (49)

” or T CY: : H, H;
where H, 1s the scale height of the neutral atmosphere.

Since N << n, and H; ~ Hn’ we can write

n N Ns N 7}f,u+ 2N ;
Hn Hj Hy, Hy Hn

SN ’ :
where asuffix on n has been dropped for simplicity. Then, (49)

becomes, in total derivative form,

dn+ 20) [ n+ 2N_ ~ (51)
o dr H, '

Integration of (51) can be obtained along the field line giving
. ’ ¢ k T T

o | 0T ar - ,
n(r, 8) m n+ 2N ~ glry, m/2) e “Fo H (52)

where g(r,, "/2) is an arbitrary function of height at the equa-

tor and r, is defined in (27). If we now demand that the radial

distribution of the neutrals obey tﬁe normal hyerstatié law at

the equator; so that | ‘ l‘lm‘ L ..,
N v A-J‘r° dr o ' (53)
glrg, m/2) = nge e "Too B

oA ——
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where n,, is the neutral number density at height r,, on the

o

equator, then
k]
T

-I dr .
n(r) = nygo e “Too H , (54)

a result which is entirely independent of 6. If, on the other

hand, g(r,, ™/2) is perturbed in any manner from the exact hydro-

static equilibrium case;'we will obtain a distribution for n
which does depend on 6. The origin of this angular dependence

on the neutrals may seem somewhat surprising until we realize
that in selecting a functional form for g(r,, m/2), any devia-
tion in the equatorial neutral distribution from hydrostatic
equilibrium must arise due to collisions between neutrals and
geomagnetically controlled charged particles. Thus, if the
collisions between neutrals and charged particles are sufficiently
large to make the momentum transfer forces between charged and
neutral particles important, the neutrals will begin to tend
toward the angular distribution of the geomagnetically controlled
particles. This can also be seen from (3), where it is obvious
that we will not obtain the exact hydrostatic distribution in

a region ﬁhenvthe terms on the left hand side become important.
On this basis; we might expect to observe angular variations

of the neﬁtral distribution in the bottomside regions of the
ionosphere where charged-neutral particle'interactions become

e

important.

]
Conclusions -

From the discussion and results of.thisfpaper; we have

; shown the following:
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1. From the equatLOds of motlon, it is possible to
derive an expresszon for clectron -density distribution along
a field line either by assuming diffusive ecuilibrium along the
direction of the magnetic field or by neglecting the drag forces
arising due to collision. The latter assumption appears to be
more realistic in the topside of the ionosphere. In either case,
it is necessary to assume a distribution at a certain point in
the radial direction in order to obtain a complete description
of the electron density distribution.

2. We have provided a more accurate formula for the répre-
sentation of the equinox geomagnetlc anomaly than that produced
in GKS. Since the emplrLcal boundary condition equatlogz:,\kﬁafswm
been shown by Chandra (1962) to fit nearly all vertlcal profiles
of electron density measured to date; we can safely assume that
the proper selection of parameters in this formula will lead
to a reasonable'reprbductidn'of the anomaly in any region of
the ionosphere where either simultaneous diffusive equilibrium
of ions and electrons occurs, or where interactions of neutrals
with charged particles are small because of infrequent collisionms.

3. The derivation of the diffusion equation commonly

- employed to obtain a theoretical description of the electron

density distribution in the F region ionosphere depends upon

the assumptions Gell= Gilf> Gel or ;%L' Attempts to numerically
integrate the diffusion equation derived in this manner have not
described the geomagnetic angmaly with the correct behavior.

We have now been able to show that the assumptions made in the

deviation are  inconsistent with experimental data unless the
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‘additional equation of constraint vV x é = 0 is also employed.

Since the numerical integration results are based on an
incomplete derivation of the diffusion equation, it is under-
standable why such results are in poor agreement with measurement.
Furthermore; we find that the inclusion of the conggraint equa-
tion leads to a horizontally stratified electrogigzs ribution
which giigjzg incapable of describing the geomagnetic anomaly.
We must therefor conclud:z that the diffusion equation derived
in the above manner is based on assumptions . which ﬁjagot fic
the true physical description of the ionosphere andkiégd to the
neglect of the very physical parameters responsible for the geo-
magnetic anomaly.

4. A study of the neutral atmosphere distribution has

led us to the conclusion that geomagnetic control of neutrals

occurs in any region of the ionosphere where interactions of

. neutrals with charged particles become important. Since this

is most likely to occur in the lower F region of the ionosphere,
we suggest that such geomagnetic control of the neutrals might

be observable in this region.
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